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(57) ABSTRACT 

The invention relates to a method for controlling a flash 
memory (9), which is comprised by a secondary unit of a 
communications device (2) which can be connected to a host 
(1) and, for mass storage, is written with data (SS1, SSN, 
SS1N, SA, BE, S1N, S1ML) to be stored. According to the 
invention, the flash memory (9) is subdivided into blocks (10) 
which each comprise storage units (S1-SN), and a storage 
unit (SS1) that has been written to can only be written to again 
if, before writing to the storage unit (SS1), all the storage units 
(S1, S2, SS1, SN) of the block (10) of the storage unit (SS1) 
to be written to are erased. The flash memory (9) is controlled 
in such a way that at least some storage units (S1-SN) which 
are to be written to and the data (SG, SS1N, SAI, BEI, 
S1MLG) of said units is unchanged after being written to as 
compared with before being written to are neither erased nor 
writtento, and at least some erased storage units (S, SG, SDG, 
SMG) which are to be written to and the data (SG) of said 
units is changed after being written to as compared with 
before being written to, are written to with the data to be 
stored (SS1N, BEI, S1NI) without being erased again. 
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Fig. 1 
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Fig. 2 
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Fig. 4a 
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Fig. 4b 
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Fig. 5b 
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Fig. 6b 
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METHOD, DEVICE, AND PROGRAM FOR 
MANAGING AFLASH MEMORY FORMASS 

STORAGE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is the United States national stage 
under 35 U.S.C. S371 of PCT International Application No. 
PCT/EP2013/003447, filed on Nov. 15, 2013, and claiming 
priority to German Application No. 10 2012 022 728.0, filed 
on Nov. 21, 2012. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003 Embodiments provide methods for managing a flash 
memory that is comprised by a communication device that 
can be connected to a host and onto which data to be stored are 
written for mass storage. The invention further pertains to a 
computer program product for executing such a method. 
0004 2. Background of the Related Art 
0005 Mass storage devices can be a USB memory stick 
(USB: Universal Serial Bus), memory cards, e.g., for digital 
cameras, mobile telephones, or multi-media playback 
devices, or in the form of an SSD (SSD: Solid State Disk). A 
mass storage device includes a unit with the function of a 
memory controller and one or more non-volatile memory 
chips. Memory chips can be so-called flash EEPROM (Elec 
trically Erasable Programmable Read-Only Memory) semi 
conductor memories, which need no power Supply to main 
tain stored information. There are various flash types, which 
differ depending on the architecture and memory method 
chosen. Architecture hereinafter is understood to mean the 
arrangement of storage cells in the memory chip. The chosen 
memory method hereinafter is understood to mean the num 
ber of Voltage levels used for storage within a storage cell. 
Examples of flash types are NOR Flash, NAND SLC (Single 
Level Cell), or NAND MLC (Multi-Level Cell). 
0006. In order to write data to the flash memory chips, also 
known as flash memory, the storage units to be written to must 
first be erased. Erasing the individual storage units, each of 
which includes at least one storage cell for storing one bit that 
can have the logical value “0” or “1”, is possible only in areas 
larger than the written areas, so called blocks, also called 
erase blocks. A block hereinafter is defined as the smallest 
volume in bytes on the flash memory that can be erased only 
as a unit. One block includes 2 bytes (Z-13). Typical block 
sizes for storing data in kbytes are 8, 16, 32, 64, 128, or 256 
kb. The unit for writing to or writing on storage cells of the 
flash memory that is smaller than a block, also called a write 
unit or page, is defined as the Smallest Volume in bytes on the 
flash memory that can only be written as a unit. The size of the 
blocks, also called erase units, and of the write units depends 
on the type and size of the flash EEPROM. A NOR flash has 
block sizes between 8 kb and 256 kb, typically 64 kb, wherein 
a write unit is 1 byte. Smaller NANO flash memories are 
available with a block size of 16 kb for a write unit of one page 
with 512 bytes. Larger NAND flash memories with 128,512, 
or 2048 kb block sizes use pages with a (page) size of 2, 4, or 
8 kb. The maximum possible number of erase and write 
operations per unit is limited according to technical factors 
and depends on the type of flash memory. Erasing sets the 
individual bits in the memory chip to the value of “1” while 
writing sets the bits to the value of "0.” In order to achieve 
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uniform “wear and lifespans of the individual memory loca 
tions, all bits are programmed to the value of “0” before 
erasing, so that they can then be set to the value of “1” when 
erasing occurs. Thus, smaller NAND flash memories are writ 
ten in write units with 512 bytes while only erased in blocks 
of 16,384 bytes (16 kb). The smallest data volume used by the 
host or host system when writing depends on the size of a 
sector, which is defined as the Smallest unit processed all at 
once in a hosts or host system's file system. A working 
memory and/or flash memory is able to process, at least in 
principle, a Sub-area of this Smallest unit of a sector. Sectors 
include memory sizes of 2 bytes with ZD3, typically 512 
bytes. If one wishes to equip a USB mass storage device, such 
as a USB memory Stick, with flash memories, one encounters 
the aforementioned problem of asymmetrical memory sizes 
for erasing and writing, because common file systems. Such 
as FAT (File Allocation Table), FAT32, etc., use sectors with 
a 512 byte size, which corresponds to the size of the write unit 
in a smaller NAND flash memory. 

BRIEF SUMMARY OF THE INVENTION 

0007 For uniform distribution of the erasing and writing 
operations across all blocks, expensive memory controllers 
not only have control capabilities for controlling the neces 
sary erasing and writing operations. Instead, these memory 
controllers have control capabilities for reading, erasing, and 
writing data into units suitable for these data, including error 
correction, for uniform distribution of the erasing and writing 
operations across all blocks in the memory chip (so-called 
wear leveling), for managing defective blocks and, if neces 
sary, a method for “refreshing the stored data. In this case, in 
order to implement the aforementioned processes, the 
memory controller needs a table that it uses to manage and 
link the logical units that are addressed to a host using an 
interface of the memory controller and the physical units used 
in the flash memory. In more complex memory controllers, 
additional information from higher layers according to the 
OSI 7-layer model (OpenSystems Interconnection Reference 
Model) from the file system used in the host, for example— 
is used to manage the memory controller. As an example, the 
host informs the memory controller about the possible era 
Sure of logical data blocks using a special command (TRIM 
command, see WO 2012/062233). 
0008. As long as the volume of data to be stored and the 
update frequency are less than is the case for main applica 
tions of mass storage devices, for example when a flash 
memory is used as the auxiliary system for a communication 
device that can be connected to the host for mass storage of 
data, the mass memory function can be implemented without 
difficulty. In this case, the separate memory controller of the 
mass storage device with the aforementioned expensive con 
trol method and a table used to link the addressed logical units 
on the interface to the host with the physical units used in the 
flash memory can be omitted. 
0009 FIG. 1 shows a communication device 2 that is 
connected to a host 1 and on which a flash memory 9 as a mass 
storage device is used not as the main data storage system but 
as an auxiliary system. The communication device has an 
operator terminal in the form of a keyboard 3, wherein indi 
cated operating statuses of the communication device 2 are 
displayed to a user on a display 4. Entries of commands via 
the keyboard and/or other operating elements as well as dis 
plays of the operating status of the communication device 2 
on the display 4 represent the main function of the commu 
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nication device 2. The flash memory 9 is used on the commu 
nication device 2, for example, to store configuration data 
and/or voice-dependent text that are to be displayed on the 
display 4. For example, display text in different languages, 
e.g., German, English, French, etc., for corresponding output 
text can be placed in the flash memory 9, wherein a user 
chooses a certain language, such as German, when configur 
ing the communication device 2. The display texts in the 
languages other than German are then stored on the flash 
memory 9 as a mass storage device, although they are not 
used in that configuration. 
0010 FIG. 2 shows a simplified implementation of the 
function of a mass storage devices. The “NOR Flash flash 
memory 9 has no memory controller of its own, but instead is 
managed through a main processor 6, also called a CPU 
(Central Processing Unit). The main processor 6 receives 
commands intended for the flash memory 9 from the host 1 
and performs reading, writing, or erasing operations. To 
establish the functionality of the main processor 6, it is con 
nected to a program memory 8 and a working memory 7, for 
example RAM (Random Access Memory). The display 4 and 
keyboard 3 are connected to the main processor 6. The host 1 
is connected to the main processor 6 through a host interface 
5, which in the case of the communication device 2 shown in 
FIG. 2 is located in the communication device 2. The storage 
units and/or memory areas/memory sectors on the flash 
memory 9 addressed by the host 1 are addressed directly on 
the flash memory 9 without converting logical into physical 
units. 

0011 Because there is no conversion when addressing 
logical units on the host 1 into physical units on the flash 
memory 9 using a separate memory controller, sectors of the 
file system on the host 1, i.e., sectors on the host 1, that should 
be written into the flash memory 9 are written to the positions 
in the flash memory 9 where the host1 has provided for these 
sectors to be written. 

0012. A simple method for storing the data from the host 1 
in the flash memory 9 is shown at various points in time in the 
direction of the arrow designated “t in FIG. 3. In a block 10 
of the flash memory 9 there are storage units in the form of 
memory sectors S1 to SN, in each of which one sector 1 to N 
is saved at a point in time t1. To write to the blocks 10 with a 
new sector SS1 from the host 1, the sectors 1 to N from block 
10, stored in the storage units S1 to SN, are copied 11 into the 
working memory 7. The sectors 1 to N stored in the block 10 
at the point in time t1 are saved into the working memory 7 at 
a point in time t2. The block 10, in which the new sector SS1 
to be stored is located, must be erased before this sector SS1 
is writtento. When this occurs, the data from the storage units 
that are not affected by writing in the block 10 that is to be 
written to must not be changed and must remain stored. For 
this, the data in the form of sectors 1 to 10 from the complete 
block 10 are loaded 11 into the working memory 7. Then the 
working memory 7 is changed 13 at point in timetal by having 
the new sector SS1 written to it. 

0013. After the sectors 1 to N are copied into the working 
memory 7, the block 10 is erased 12 at point in time t3. After 
the blocks 10 in step 12 are erased, only erased storage units 
with erased storage cells SG remain in the block. At point in 
time t5, the completely erased block 10 is programmed 14 
with the data stored in the working memory 7, including the 
new sector SS1. At point in time ts, the block 10 is thus 
programmed with the data content from sectors 1 to N. 
wherein one of the sectors is replaced by the new sector SS1. 
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In order to write one sector into the flash memory 9, a block 
10 must be completely erased and N sectors in the flash 
memory 9 must be programmed, wherein N represents not 
only the last sector in block 10 but also the number of sectors 
in the storage units S1 to SN per block 10 to be programmed. 
The operations “copy the sectors 1 to N to the working 
memory 7, 11’ and “program the new sector SS 1 in the 
working memory 7, 13 take only a fraction of the time 
needed for the operations "erase block 10, 12 and “program 
the sectors 1 to N in the block 10, 14. When listing all that is 
involved in storing data from host 1 into the flash memory 9, 
the operations 11 and 13 can thus be omitted. 

BRIEF DESCRIPTION OF THE FIGURES 

0014 FIG. 1: a typical communication device that 
includes a flash memory 9, 
0015 FIG. 2: the typical communication device shown in 
FIG. 1, wherein the flash memory is managed by a main 
processor that is connected to a host through an interface, 
0016 FIG. 3: a typical method for storing a sector in a 
flash drive, 
0017 FIGS. 4a and 4b: a typical method for storing mul 
tiple sectors in a flash memory, 
0018 FIGS. 5a and 5b: a first embodiment of the invented 
method for storing multiple consecutive sectors in a flash 
memory, 

0019 FIGS. 6a and 6b; another embodiment of the 
invented method for storing specific sectors of a host in a flash 
memory, 
(0020 FIGS. 7a and 7b; anotherexemplary embodiment of 
the invented method for rewriting specific sectors of a host in 
a flash memory by means of inversion, and 
0021 FIGS. 8a and 8b: each shows a table for comparing 
the methods illustrated in FIGS. 4 to 7, referencing the num 
ber of erasure operations (FIG. 8a) and referencing the num 
ber of programming operations (FIG. 8b). 

DETAILED DESCRIPTION OF THE INVENTION 

(0022 While in FIG.3 only one sector SS1 is written to the 
flash memory 9, FIGS. 4a and 4b show the case in which 
multiple sectors SS2, SS3 are written by the host 1 into block 
10 of the flash memory 9. In FIG. 4a, the status of the block10 
is assumed to be as of the point in timets according to FIG.3. 
When the sector SS2 is written into the block 10, the sectors 
1 to N are recopied 11 from the block 10 to the working 
memory 7, so the memory status in the working memory 7 at 
the point in time to corresponds to the point of timetal accord 
ing to FIG. 3. Next, the block10 is erased again at the point in 
time t7, so that all of the storage units exist in the block 10 as 
erased storage units SG. The new sector SS2 is programmed 
13 next to the new sector SS1 in the working memory 7, 
wherein at the point in time t3 in the working memory 7, the 
new sectors SS1 and SS2 are stored and replace the previously 
stored sectors of the sectors 1 to N. Next, the sectors 1 to N, 
including the new sectors SS1 and SS2, are programmed 14, 
15 into the erased block 10, so that at the point in time t9 the 
block 10 contains the new sectors SS1 and SS2 together with 
the sectors 1 to N, see FIG. 4b. Then, the total content of the 
block 10 is copied 11 back into the working memory 7, and 
after that the block10 is completely erased at the point in time 
t11. The stored content of the working memory 7 at the point 
in time t10, including the new sectors SS1 and SS2, is 
increased when the new sector SS3 is stored at the point in 
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time t12. In addition to the sectors 1 to N, at the point in time 
t12 three of these sectors are replaced by the new sectors SS1 
to SS3. The storage content of the working memory 7 is 
programmed 14, 15 by programing the updated sectors 1 to N 
in the erased block 10, wherein in the block 10 the sectors 1 to 
10 are programmed, including the new sectors SS1 to SS3 in 
place of three sectors out of the sectors 1 to N. If the host 1 
wants to write multiple sectors 1 to N into the flash memory 
9, the steps shown in FIG.3 must be repeated for each of the 
sectors SS1, SS2, SS3 to SSN to be written. This repetition of 
the steps or operations 11, 12, 13, and 14 is necessary because 
the flash memory 9, like the main processor 6, has no knowl 
edge of the logical use of individual sectors, and therefore all 
sectors 1 to N in the storage units S1 to SN must be handled 
in the same way. 
0023. If the host 1 wants to write a certain number of 
sectors M into the flash memory 9, a block 10 in the flash 
memory 9 has to be erased M times and N sectors have to be 
programmed into the flash memory 9 M times. If the size of 
each of the storage units S1 to SN matches the size of each of 
the sectors 1 to N, for a sector size of 512 bytes and a block 
size of 16 kb the following numbers result for the operations 
required for storage: 

0024. 4-kb file means 8 sectors means erase, 12, a block 
8 times, and program, 14, 8x32-256 sectors 

0025 10-kb file means 20 sectors means erase, 12, a 
block 20 times, and program, 14, 20x32=640 sectors 

0026 16-kb file means 32 sectors means erase, 12, a 
block 32 times, and program, 14, 32x32–1024 sectors. 

0027. If the host 1, for example, writes the file allocation 
table (FAT) for the file system of the host 1 into the flash 
memory 9, and this table includes 30 sectors, for example, a 
block must be erased 30 times and 30x32=960 sectors pro 
grammed. Correspondingly, if the host 1 adds to and rewrites 
the file allocation table FAT of the file system, with 30 sectors 
as in the preceding example, a block 10 is erased again 30 
times and 30x32=960 sectors are programmed. The method 
described in FIGS. 3, 4a, and 4b, in which data are loaded 
from a complete block into the working memory, the storage 
units to be written to are changed, the complete block is 
erased and then newly written with the data temporarily 
stored in the working memory, is provided, for example, with 
the implementation of a mass storage device that is Supplied 
with the microcontroller (PIC, PIC24, PIC32, etc.) from the 
Microchip company. 
0028. In order to reduce the high amount of effort required 
to erase blocks and program sectors that is associated with the 
method illustrated in FIGS. 3, 4, and 4a, intermediate memo 
ries (caches) can be used, in which data to be written are first 
stored until they are later written to the flash memory. If, in the 
interim period between storage and writing of the flash drive, 
additional data to be written for the same block arrive in the 
intermediate memory, these data can be combined with the 
temporarily stored data, and the affected block only has to be 
erased and written once. 
0029. Another alternative for preventing numerous block 
erasures and sector programming procedures as shown in 
FIGS. 4a and 4b, consists in the use of complex file systems 
such as the TFFS (True Flash File System). With the TFFS, 
data are distributed in the flash memory such that erasure and 
rewriting are not necessary until the affected block contains 
no data, i.e., is not in use. In this case, however, it is necessary 
to “translate the original file system, e.g., FAT, FAT32, to the 
file system used on the flash memory. If such changed data are 
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written to the flash memory, these data are written by the 
Flash File System into a free, already erased block, and the 
old data marked as “expired at the old location. The logical 
allocation of the data to the actual physical storage location in 
the flash memory is accomplished using translation tables. A 
block cannot be erased until all 10 data in the block are 
marked as “expired.” Erasure then occurs, if the memory 
controller that contains and operates the translation table is 
not busy with reading, erasing, and writing operations. 
0030. While the data to be written to the working memory 
are temporarily stored in an intermediate memory, direct writ 
ing of data to the flash memory is delayed so that additional 
data can be accumulated before all accumulated data are 
programmed together into the flash memory. The Flash File 
System TFFS writes the data immediately to the flash 
memory but delays erasure. Given the high technical outlay of 
having an intermediate memory or a separate memory con 
troller, which requires a translation table to link the logical 
units addressed to the hosts interface with the physical units 
used in the flash memory, an easier Solution is to omit the 
intermediate memory or separate memory controller, with, of 
course, the additional cost of the additional expense for block 
erasures and sector programming. 
0031. An objective of the invention is to provide a method 
for managing a flash memory, with which data from a host can 
be stored easily and efficiently in the flash memory. In par 
ticular, the number of erasure and writing operations required 
for storage should be reduced without the need to use an 
intermediate memory and/or separate memory controller 
with a translation table. By providing a method for managing 
a flash memory, in which the number of erasure and writing 
operations required for storage is easily reduced, and by 
providing a computer program product for executing Such a 
method, response times when storing data in the flash 
memory are reduced and the lifespan of the flash memory is 
lengthened. 
0032. According to the invented method for managing a 
flash memory that is comprised by a communication device 
that can be connected to a host and onto which data to be 
stored are written for mass storage, the flash memory is 
divided into blocks that contain storage units. A written stor 
age unit can only be rewritten if all storage units in the block 
of the storage unit to be written to are erased before the 
storage unit is written to. The flash memory is managed in 
Such away that at least some of the storage units to be written 
to, whose data are the same after writing as they were before 
writing, are neither erased nor written to, and at least Some of 
the erased and to be written storage units, whose data are 
different after writing compared to before writing, are written 
to with the data to be stored without re-erasing. Such man 
agement of the flash memory is made possible by using the 
flash memory as an auxiliary system of the communication 
device, wherein a separate memory controller is not neces 
sary. Execution of the invented method also does not require 
an intermediate memory and/or memory controller with a 
translation table. Management of the flash memory therefore 
does not require any information about the logical content of 
the host's data to be written other than the bit level, in which 
the individual data bits can have a content with the value “0” 
or “1” One byte consists of eight bits. Each bit can have the 
value of “0” or “1” The eight bits of an erased byte all have the 
value of “1” so that the byte has the binary value of 
"11111111.” This value corresponds in binary notation to the 
value "Ob11111111 or in hexadecimal notation to the value 
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“0xFF. It is therefore possible for management of the flash 
memory to be based simply on whether data to be written have 
bytes with a value unequal to “0xFF. This information can 
result from analysis of values at the level of individual bits, 
i.e., at the bit level. Alternatively or additionally, this infor 
mation can result at the level of individual bytes, i.e., at the 
byte level. If a byte has the hexadecimal value “0xFF, all of 
the bits in the byte have the value of "0. To compare the 
values of the data on the flash memory with those of the data 
to be written, it is sufficient for the content of the data to be 
analyzed at the byte level or below it, i.e., at the bit level. 
Because areas of the flash memory that have been erased and 
not rewritten after erasure always have the value “0xFF.” 
value information at the byte level is adequate for determining 
whether all or part of the erased area is to be overwritten with 
other values for the individual bytes of the data to be written. 
The flash memory management must therefore be based sim 
ply on distinguishing whether the value of each byte of data to 
be written differs from the value of each byte of the erased and 
to be written storage units. If the data to be written differ from 
the values of the individual bytes of the data in the erased 
storage units, re-erasure of the storage units can be eliminated 
and the data can be written in the storage units to be writtento. 
However, if the data to be written do not differ from the data 
in the storage units to be writtento, storage in the storage units 
to be written to can be omitted, because the values of the 
individual bytes of the storage units to be written to are the 
same as the values of the individual bytes of the data to be 
written to the storage units. In this way, by simply comparing 
the correspondence of the content of the data to be written 
with the content of the storage units to be written to at the byte 
level, unnecessary erasure is eliminated and the storage units 
to be written to are then written to only if writing is necessary 
based on the content of the data to be written differing from 
the content of the storage units to be written to. Comparing 
the content of the data to be written with the content of the 
storage units to be written to can be done with no intermediate 
steps immediately before the data are stored in at least some 
of the storage units to be written to. 
0033. A flash memory can be a Flash EEPROM semicon 
ductor memory, for example. Flash memory types such as 
NOR Flash, NAND-SLC, or NAND-MLC can be used as 
Flash memories. The communication device can be a com 
puter, mobile telephone, tablet PC, PDA (Personal Digital 
Assistant). Smartphone, or other communication device that 
contains the flash memory. The flash memory can be used as 
an auxiliary system, thereby eliminating an intermediate 
memory or memory controller, as in the communication 
device shown in FIGS. 1 and 2, for example, or can be used as 
the main system of a communication device, wherein an 
available intermediate memory and/or memory controller is 
included as a separate assembly. 
0034. The communication device cannot beaterminal, but 
rather the communication terminal itself can act as a server, in 
the form of a desktop PC or laptop, for example. Because, for 
data that are the same after writing as before writing, neither 
erasure nor writing to the storage units to be written to occurs, 
and because, for all or part of erased and to be written storage 
units, re-erasure is eliminated and only data that differ from 
the data on all or a portion of the erased storage units are 
written, unnecessary erasure and/or writing operations are 
eliminated. In this way the number of erasure and writing/ 
programming operations needed to store data in the flash 
memory is reduced, which is expressed in a lower reaction 
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time for storage and an increased lifespan of the flash 
memory. Because any delay of the erasure and/or writing 
operations is limited to comparing the content of the data to be 
written with the content of the storage units to be written to at 
the individual byte level, and an intermediate memory and/or 
a memory controller separate from the main processor of the 
communication device can be eliminated, the response time 
for storing data is reduced, maximizing the overall perfor 
mance of the flash memory. 
0035. In one embodiment, the communication device is 
connected to the host via an interface, and information about 
the volume of data to be transferred from the host to the flash 
memory is called up by the communication device from the 
interface and used to manage the flash memory. Even without 
an intermediate memory or a memory controller, the hosts 
interface has information about the volume of data to be 
transferred from the host to the flash memory. These data are 
called up from the interface and used to manage the flash 
memory, wherein storage units that will not have new data 
written to them in a writing process, after erasure of the block 
in the flash memory will not be rewritten with the data stored 
in the storage unit, but rather will be left in erased status until 
the new data are to be written to the storage units in a later 
writing process. Using the information contained in the inter 
face regarding the Volume of data to be stored, it is then 
possible, by means of a writing process, to reserve storage 
units that are erased for the arrival of new data, so that they are 
not overwritten with data already stored in the storage unit. 
0036 Preferably, the information about the data to be 
transferred from the host to the flash memory is in a mass 
storage protocol, in particular a USB mass storage protocol. 
The mass storage protocol has information, for example, 
about how many of the host’s sectors in the flash memory 
need to be written to. This information is passed on to a 
writing function of the flash memory. The writing function 
then prevents just-erased storage units from being written to 
with data that will be overwritten in a subsequent writing 
process. These storage units thus remain in erased status, so 
that only new data are programmed in the flash memory, 
without having to re-erase the storage units to be programmed 
before new data are written to them. The information about 
the data to be transferred from the host to the flash memory is 
specifically in a USB mass storage protocol. The information 
is therefore in the hosts interface independently of any inter 
mediate memory or memory controller. 
0037. In another embodiment, information about the num 
ber of consecutive storage units to be written to, in which the 
data to be transferred are to be written, is provided by the 
interface. With the information about the number of storage 
units to be written to consecutively, adjacent areas of a block 
on a flash memory to be written with new data can be held or 
reserved for consecutive writing operations. Because the size 
of the data content of a sector belonging to the host must be 
known in the interface for transferring the data, the number of 
storage units to be written to consecutively can be calculated 
just from the volume of sectors to be written to in the flash 
memory. 

0038. In another embodiment, in addition to the content of 
the first storage unit to be written to, additional information 
about a number of storage units following the first storage unit 
is provided by the interface. Thus, if the host wants to write to 
a certain number of sectors in the flash memory, whose size 
corresponds to that of a certain number of storage cells in a 
storage unit, the host gives the command via the interface to 



US 2015/0277786 A1 

the flash memory to write to the first sector in the flash 
memory with the additional information that when there are 
M sectors to be written to, M-1 sectors remain after them. 
The block of the flash memory in which the first sector is to be 
written to a portion of the storage cells in the storage unit of 
the block must be erased before the sector is written, because 
only complete blocks can be erased. The data from the storage 
units that are not affected by writing as part of a writing 
process in this block must not be changed during the writing 
process and must remain stored. To do this, the data from the 
entire block are temporarily stored, for example in a working 
memory of the communication device, the data to be written 
are attached to the temporarily stored data by replacing a 
portion of the temporarily stored data, the entire block in the 
flash memory is erased and reprogrammed with the tempo 
rarily stored data that include the data to be written. Here only 
data that must remain unchanged are programmed into the 
flash memory, i.e., the sectors before the first sector S, as well 
as the sectors starting with the sector S+M, wherein the first 
sector S itself, which already contains new data, is also pro 
grammed. When the subsequent sectors S+1 to S+M-1 are 
transferred by the host, these sectors are programmed in the 
already-erased available areas in the flash memory. In this 
way, those areas of the flash memory to be written to, whose 
data are the same after writing as before writing, are neither 
erased nor written, but rather reserved for those writing pro 
cesses that are to be used to write these areas with new data. 
Without information about the content of the data to be writ 
ten in the flash memory, only with the information about the 
volume of the data to be written is it possible to save erasure 
and writing processes without losing stored data. 
0039. In one advantageous embodiment, data to be written 
that are transferred by the host into at least one storage unit of 
a block in the flash memory are inverted before the at least one 
storage unit is written. In this way, in file systems that use the 
hexadecimal value"0x00 for unused storage units, the value 
“0xFF can be generated by inversion, which corresponds to 
the value of erased, unwritten storage units in the flash 
memory. The inversion causes every bit with the value of “O'” 
to be transformed to the value of “1” and vice versa. In this 
way, unused areas of the file system that have the value 
“Ox00 become areas with the value “OxFF. Because the 
value"0xFF of a byte in the flash memory corresponds to the 
erased, not written status, the unused areas of the file system 
must no longer be programmed after the inversion. Only 
when the content of the file system in this area is changed and 
contains values other than “0x00” must this area also be 
programmed in the flash after the inversion. Then, however, 
no erasure is necessary before programming, because the 
erased area still contains the erased bytes with the value 
“0xFF and can be overwritten without prior erasure. The 
value “0” corresponds to the hexadecimal value “0x00. 
wherein, for example, both copies of a file allocation table 
FAT have the value “0” at the unused locations. Unused parts 
of the file system are often written to without being changed. 
For each writing process in the flash memory, writing means 
an erasure and new programming of the storage units. By 
inverting the unused areas of the file system, the value of these 
areas is inverted into the value of erased, unwritten areas of 
the flash memory. Because of this adaptation of the values of 
unused areas of the file system to the values of erased storage 
units, programming of these areas is no longer necessary. This 
exemplary embodiment therefore includes an additional 
reduction of erasure and/or writing operations. 

Oct. 1, 2015 

0040. In another embodiment, for multiple storage units to 
be written to, in which the data to be transferred are to be 
written, the data for all storage units are inverted. This 
embodiment, of course, has the disadvantage that, for used 
areas of the file system that do not have the value"Ox00, one 
must invert in order to be able to use these data when reading 
from the flash memory. However, the exemplary embodiment 
has the advantage that the flash memory requires no informa 
tion about the logical content of the data to be stored. The 
"data inversion' operation, like the operations "copy sectors 
1 to N. 11, see FIGS. 3, 4a, and 4b and “program new sectors 
in the working memory, 13, see FIGS. 3, 4a, and 4b. is 
omitted, because they require only a fraction of the time 
needed to erase the block 12 and program the block 14. 
0041 Correspondingly, in a further embodiment, unused 
bytes of the host’s data that are to be written to the flash drive 
have the hexadecimal value 0x00 when placed in the inter 
face, have the hexadecimal value 0xFF of an erased byte in the 
flash memory after inversion, and, instead of writing the 
hexadecimal value 0xFF into an erased storage unit, the 
erased storage unit is kept in its erased status without re 
erasing. 
0042. In addition to the method for managing a flash 
memory, this invention also includes a computer program 
product for executing Such a method. The computer program 
product can consist of Software, for example. The computer 
program product can be stored as binary data on a floppy disk, 
DVD, CD-ROM, or memory card. The computer program 
product can also consist of printed source code. 
0043. The invention also includes a communication 
device on which the computer program product is installed. 
The communication device has the corresponding functions 
and advantages of the invented method for managing a flash 
memory and can be a desktop PC, laptop, server, landline 
telephone, mobile telephone, smartphone, or tablet PC. The 
host to which the communication device can be connected 
can be a server or another host. In addition, the host can be a 
group and/or network of networkable computers in the form 
of a host system. The host can also be on the Internet or an 
Ethernet. 

0044 Additional exemplary embodiments and also 
advantages of the invention will be explained below with 
reference to FIGS.5 to 8. Forbetter illustration, a scale or true 
proportional representation is not used in the figures. Unless 
specifically stated otherwise, the same reference numbers in 
the figures denote the same components with the same mean 
ing as the references mentioned in FIGS. 1 to 4b that have 
already been discussed. 
004.5 FIGS. 5a and 5b show the invented method in a first 
embodiment in which multiple consecutive sectors SSN, 
SS1N, SSMN are to be stored in the block 10 of the flash 
memory 9. At the point in time t1, sectors 1 to Narestored in 
the storage units S1 to SN of block 10. After that, the sectors 
1 to Nare copied 11 into the working memory 7, so that at the 
point in time t2, the sectors 1 to N are stored in the working 
memory 7. At the point in time t3, the block 10 is entirely 
erased, so that each of the storage units S1 to SN is in erased 
status SG. The steps of the method from the points in time t1 
to t3 are the same as those shown in FIG. 3. M sectors are to 
be programmed by the host 1 into the flash memory 9. These 
M sectors are divided into the sector S new, SSN, the sector 
S+1 new, SS1N, additional sectors, and the sector S-M-1 
new, SSMN, wherein Misa whole number. Instead of writing 
only the first sector SSN to be written to the working memory, 



US 2015/0277786 A1 

as shown in FIG.3 at point in time tak, through the interface 5 
the first sector SSN to be written and a piece of information 
IN1 are sent to the communication device 2, indicating that 
M-1 sectors to be written to the flash memory 9 are still to 
come. At the point in time t20, only the first sector SSN is 
stored 21 in the working memory 7, wherein the entire con 
tent of the working memory 7 is not programmed into the 
erased block 10 at the point in time t20. Instead, the sectors 1 
to S-1, S as a new sector SSN, and the sectors S+M to Nare 
programmed 22. At the point in time t21, the storage units 
located between the sector SSN and the sector S-M are 
erased. This erased area of the block 10, SSG, is available for 
Subsequent writing operations and/or writing processes used 
to write new data from the host into the block 10. The com 
munication device 2 or the controller of the flash memory 9 
thereby use the piece of information IN1, that M-1 sectors 
remain to be written into the flash memory 9, for writing to the 
block10 in such away that the sectors SS1N to SSMN not yet 
written to the block 10 of the flash memory 9 are reserved as 
the erased area SSG in the block 10. At the point in time t22, 
the working memory 7 is written to with the next sector S+1 
new, SS1N, to be written, wherein through the interface 5, 
together with the next sector SS1N to be written, the piece of 
information IN2 has been sent to the communication device 2 
indicating that M-2 sectors remain to be written to the block 
10. The piece of information IN2 is sent to the controller of 
the flash memory 9, which is managed by the main processor 
6 in the communication device 2 shown in FIG. 2. Therefore, 
only the new sector S+1 new, SS1N, is programmed 24 into 
the block 10, whereby the block 10 has stored the second new 
sector SS1N together with the first new sector SSN at the 
point in time t23. According to the chronological sequence 
that is represented in FIGS.3, 4a, 4b, 5a, 5b, 6a, 6b, 7a and 7b 
as a downward-pointing arrow labeled t for time, the method 
for storing individual new sectors continues from the inter 
face 5 to the working memory 7 and from there to the block 
10, as shown by the indication “etc. and the arrow 25 in FIG. 
5a. As soon as the last sector SSMN to be stored is able to be 
written to the block, this sector is stored 21 into the working 
memory 7, and the last new sector S+M-1 new, SSMN, to be 
stored in the flash memory 9 is stored in the last remaining 
storage unit, which is in erased Status SG, in the area of erased 
units SSG. With the last of the M sectors that are to be stored 
consecutively, no additional information is sent from the 
interface to the controller of the flash memory 9, because no 
such information is necessary. On the basis of the first noti 
fication IN1, that M-1 sectors are to be written to the block10 
of the flash memory 9, the reserved erased area SSG is allo 
cated in Such a way that this erased area is adequate for all of 
the M sectors to be written to the block 10. In this regard, in 
another embodiment, it is necessary to send only the piece of 
information IN1, that M-1 sectors remain to be written to the 
memory, while the piece of information IN2, indicating that 
M-2 sectors are to be written to the flash memory 9, can be 
omitted. 

0046. If the host 1 wants to write a certain number of 
consecutive sectors M into the flash memory 9, and these 
sectors to be written are all to be written to storage units of a 
block 10, then the block 10 in the flash memory 9 has to be 
erased once and N storage units have to be programmed into 
the flash memory 9. If the consecutive sectors are distributed 
to multiple blocks, as is the case when the sum of the numbers 
Sand M is greater than the number N of storage units in the 
block, then all blocks B that are to be used for storage must be 
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erased once, and BXN Sectors are to be programmed into the 
flash memory 9. In this regard it is assumed that the data 
Volume of one storage unit corresponds to the data Volume of 
One SectOr. 

0047. At a sector size of 512 bytes and a block size of 16 
kb, the following operations are necessary for writing to the 
flash memory 9: 

0.048 4-kb file means 8 sectors (in one block) means 
erase a block once and program 32 sectors, 

0049 4-kb file means 8 sectors (in two blocks) means 
erase a block twice and program 2x32=64 sectors, 

0050 10-kb file means 20 sectors (in two blocks) means 
erase a block twice and program 2x32=64 sectors, 

0051 16-kb file means 32 sectors (two blocks) means 
erase a block twice and program 2x32=64 sectors. 

0052) If, for example, the host 1 writes the file allocation 
table FAT of the file system and it consists of 30 sectors, then 
as a maximum, if the 30 sectors are distributed to 2 blocks, a 
block must be erased twice and 2x32=64 sectors must be 
programmed. If the host expands the FAT of the file system 
and rewrites it with 30 sectors, as in the preceding example, 
then again a block must be erased twice and 2x32=64 sectors 
are to be programmed in the flash memory 9. FIGS. 6a and 6b 
show the invented method in a further embodiment, in which 
specific sectors of the host 1 will be written into the flash 
memory 9. As illustrated in FIGS. 3 and 5a, the block 10, 
which at point in time t1 includes the sectors 1 to N in the 
storage units S1 to SN, is entirely copied 11 into the working 
memory 7, and then the block10 is entirely erased at point in 
time t3, so that all storage units S1 to SN in the block 10 are 
then in erased status SG. The host 1 wants to write a FAT or a 
list with M sectors into the flash memory 9. The host issues a 
command through the interface 5 to the controller of the flash 
memory 9 to write the first of the M sectors, which includes a 
first sub-area SA and a second sub-area U, to the block 10 
with the additional information IN1, indicating that M-1 
sectors remain to be stored. The piece of information IN1 
added to the sub-areas SA and U of the first sector to be 
written is generated by the interface 5 using information from 
the host 1 on how many sectors are to be written. In contrast 
to the first embodiment of the invented method according to 
FIGS. 5a and 5b, the data contained in the sub-areas SA and 
U to be stored, of the first sector to be stored, are inverted 31. 
Here the first sub-area SA of the first sector to be written is 
inverted into the first sub-area SAI, wherein the unused sec 
ond sub-area of the first sector U to be stored, which contains 
the hexadecimal value 0x00, inverts into the second sub-area 
G of the first sector to be written, which after the inversion has 
the hexadecimal value 0xFF. The first sector to be written, 
inverted in this manner, is then programmed into the working 
memory 7 as the inverted first sub-area SAI and as the second 
inverted sub-area Gat the point in time t30. Next, correspond 
ing to the programming step 22 in FIG. 5a, the sectors 1 to 
S-1, the inverted sector S to be written with the sub-areas SAI 
and G and the sectors S+M to N are programmed 32 into the 
block 10. In this case, only the data that must remain 
unchanged are programmed into the flash memory 9, which 
involves all sectors that precede the sector S, as well as the 
sectors that follow the sector S--M, as well as the first sector 
to be written itself, which contains the new inverted data. At 
the point in time t31, in the block 10, which contains the 
unchanged sectors 1 to S-1 and S+M to N, there is an erased 
area SMG available for the host's additional sectors to be 
stored. 
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0053 With respect to the first sector to be stored, only data 
that differ from the value 0xFF for erased data in the storage 
units of the block 10 are stored in the block 10. Then only the 
first sub-area of the first sector to be stored, SAI, is stored in 
the block 10, and the second inverted sub-area G of the first 
sector to be stored is not programmed into the block 10, 
because its value matches the content of the erased storage 
units 0xFF. The second sector S1L that follows the first sector 
to be written is a so-called “empty' sector, because the data in 
this sector contain unused bytes with the value of 0, which 
corresponds to the hexadecimal value of 0x00. As for the 
storage of the first sector to be written into the working 
memory 7, the sector S1L is inverted 31 and stored in the 
working memory 7 as the inverted sector S1L1. Additionally, 
the interface sends the piece of information IN2, indicating 
that M-2 sectors remain to be stored in the flash memory 9, to 
the controller of the flash memory 9. Because the second 
sector S1L1 to be written after inversion has only the hexa 
decimal value 0xFF, which matches the content of the storage 
units in the erased status SG of the erased area SMG, this 
sector is not programmed 34 into the block 10. Instead, the 
block is in the same status at the point in time t33 as at the 
point in time t31. Because the content of erased storage units 
matches the content of the second sector S1L1 to be written, 
no data content is lost by not programming the inverted sec 
ond sector S1L1 to be written. 

0054 If subsequent sectors are transferred from the host 1 
to the interface 5, they are programmed into the already 
erased area SMG in the flash memory 9 only if they contain 
data that differ from unused data with the value of 0, which 
corresponds to the hexadecimal value of 0x00. As long as 
these sectors are “empty, i.e., contain only bytes with 0x00, 
due to inversion these areas become areas in which all bytes 
contain the value of 0xFF, which correspond to the content of 
erased storage units in the erased area SMG of the flash 
memory. These “empty' sectors are therefore not pro 
grammed into the flash memory. According to the illustration 
in FIG. 6b, the last sector S1ML to be stored is also a sector 
that contains only unused bytes with the value of 0. After 
inversion, this sector is the inverted sector S1MLI with the 
value 0xFF in the working memory 7 at the point in time t34. 
Because the inverted last sector S1MLI to be written has the 
same data content as the erased area SMG in the block 10, 
there is no programming step for writing the sector S1MLI to 
the block 10,36. Instead, the erased storage range S1MLG of 
the erased area SMG matches the data content of the last 
inverted sector S1MLI to be written. By inverting data from 
sectors to be written, which contain unused data, a program 
ming step is omitted according to the invention, because the 
data in erased storage units and the inverted data from sectors 
with unused data match each other. Of course, in order to use 
the inverted Stored data, a reverse inversion is necessary, 
which is another inversion, but the time and calculation effort 
for the inversion is negligible compared to the time and cal 
culation effort for programming and can be disregarded. 
0055 FIGS. 7a and b illustrate another embodiment of the 
invented method, in which specific sectors of the host 1 are 
repeatedly written into the flash memory 9. In FIG. 7a, the 
initial status of the block 10 is assumed to be the status at the 
point in time t33 as shown in FIGS. 6a and 6b. After all sectors 
1 to N are copied into the working memory 7 at the point in 
time t34, which corresponds to the point in time t34 in FIG. 
6b, M sectors are to be written into the flash memory 9 again. 
The first sector to be written includes a first sub-area SA and 
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a second sub-area BE, as well as a second sector S1N to be 
written. The additional sectors to be written are so-called 
“empty' sectors, which contain only unused data. The last 
“empty' sector to be written is the sector S+M-1, S1ML. 
After sending the sectors to be written to the interface 5,37. 
the interface sends the first sector to be written with the 
sub-areas SA and BE as well as the piece of information IN1, 
indicating that M-1 sectors remain to be written, to the con 
troller of the flash memory. Then the first sector to be stored, 
with the sub-areas SA and BE, is inverted and stored in the 
working memory 7 at the point in time t35 as inverted sub 
areas SAI and BEI. 

0056 Next, because the first sub-area SAI is already pro 
grammed in the block 10, only the second sub-area BEI is 
programmed into the block 10 as the rest of the first sector S 
to be written, wherein no erasure of the storage units of the 
block 10 is necessary, 39. Thus, at the point in time t36, the 
previously erased area STG in the block 10 is replaced by the 
inverted second sub-area of the first sector to be written BEI. 
Next, the second sector S1N to be written is read 40 from the 
file system of the host 1 and sent to the controller of the flash 
memory by the interface 5, together with the piece of infor 
mation IN2, indicating that M-2 sectors remain to be stored. 
After inversion of the data from the sector S1N, 31, this sector 
is stored as the inverted sector S1NI in the working memory 
7 at the point in time t37. Next, the second sector to be stored 
is programmed in inverted form S1NI into the previously 
erased area SMB of the block 10. Thus, at the point in time 
t38, the inverted sub-areas of the first sector to be written, 
SAI, BEI, and the inverted second sector to be written S1NI 
are programmed into the block 10. The method for reading 
individual sectors to be programmed with the information on 
how many sectors remain to be stored, the inversion, storage 
in the working memory, and programming the inverted sec 
tors that are occupied by not unused data, i.e., payload data, 
into the flash block 10 continues until the last sector to be 
written is ready to be programmed. In FIG.7b, this last sector 
S1ML is a so-called “empty' sector, which, after inversion, 
31, is programmed into the working memory at the point in 
time t38 as an inverted sector S1MLI. Because the inverted 
sector S1MLI has only data with the value 0xFF, which match 
the content of the erased storage unit S1MLG in the block 10, 
the inverted sector S1MLI is not programmed into the block 
10,36. Thus, at the point in time t39 as compared to the point 
in time t33, the block 10 includes additionally only the 
inverted second sub-area BEI of the first sector to be written 
and the inverted second sector S1NI to be written. The exem 
plary embodiment shown in FIGS. 7a and b illustrates the 
case in which the host wants to update a FAT or list in such a 
way that portions with existing data remain unchanged and 
additional data are added into previously erased areas. The 
areas of the block 10 that remain unchanged are occupied by 
the sectors 1 to S-1 and S-M to N. The erased area that is to 
be occupied by additional data is the area SMG. Because the 
data already located in the flash memory 9 are partially 
unchanged, but instead only previously erased areas are writ 
ten with new data, the block 10 of the flash memory 9 does not 
need to be entirely erased before being written to. The data 
from the entire block 10 are loaded into the working memory 
7, the data transferred by the host for the sectors to be written 
are placed into the working memory 7 after inversion and are 
not programmed into the flash memory 9 unless they differ 
from the erased areas of the flash memory. In the exemplary 
embodiment from FIGS. 7a and 7b, this applies to the second 
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part of the first sector to be written, BE, and to the sector S1N 
as the second sector to be written. The Subsequent sectors 
transferred by the host 1 are then programmed into the cor 
responding already erased area SMG in the flash memory 9 
only if they contain data that differ from unused data. As long 
as these sectors are "empty, i.e., contain only bytes with the 
value 0x00, due to inversion these areas become areas in 
which all bytes contain the value of 0xFF, i.e., values that 
match the content of erased areas of the flash memory SMG. 
These “empty' sectors are therefore not programmed into the 
flash memory. In the method described in FIGS. 6 and 7, there 
is no distinction between FAT, list, or data range, but rather 
inversion takes place in the same fashion for all sectors to be 
written. Of course, this system has the disadvantage that 
sectors containing used values that differ from the unused 
values are “unnecessarily’ inverted, but the advantage that the 
controller of the flash memory requires no information about 
the logical content of the sectors to be written. If a memory 
controller has a piece of information about the logical content 
of the various sectors, equal inversion of all sectors to be 
written can be omitted and only the sectors whose data have 
unused values of 0, which match the hexadecimal value of 
0x00, are inverted. 
0057 The following examples are based on the exemplary 
embodiments from FIGS. 6 and 7: At a sector size of 512 
bytes and a block size of 16 kb, the following operations are 
necessary for writing, assuming 32 storage units per block, 
each of which can store one sector: 

0058 4-kb file means 8 sectors (in one block) means 
erase a block 1 time and program 32 sectors, 

0059) 4-kb file means 8 sectors (in two blocks) means 
erase a block 2 times and program 2x32=64 sectors, 

0060 10-kb file means 20 sectors (two blocks) means 
erase a block 2 times and program 2x32=64 sectors, 

0061 16-kb file means 32 sectors (two blocks) means 
erase a block 2 times and program 2x32=64 sectors. 

0062) If, for example, the host 1 writes the file allocation 
table FAT of the file system and it consists of 30 sectors, for 
example, with 20 of those sectors containing no data (i.e., 
“empty), then as a maximum, if the 30 sectors are distributed 
to 2 blocks, a block must be erased twice and 2x32-20=44 
sectors must be programmed. If the host 1 expands the FAT of 
the file system of the host 1 and rewrites with 30 sectors, 
wherein only 16 sectors contain unused data, i.e., are 
“empty, then no blocks need to be erased and 20–16–4 
sectors need to be programmed. 
0063 FIG. 8a shows an overview in table form of the 
number of erasure operations 50 for the method as executed in 
FIGS. 4 to 7,51. It is assumed that one block has 32 storage 
units capable of storing one sector each. It is therefore 
assumed that 32 sectors can be stored in one block. For a 4-kb 
file, which means 8 sectors and is stored in 2 blocks, 52, the 
usual method as executed in FIG. 4 involves 4 to 8 erasure 
operations, 12, in each of which one block is to be erased 
entirely. The reason for this is that, even when programming 
only one individual sector in the block, the entire block first 
has to be erased. In contrast to what is shown in FIG. 4, when 
executing the invented method as in FIGS. 5 to 7, the block in 
which data are to be written is erased only once. Because the 
8 sectors are to be written to 2 blocks, only 2 erasures, 54,56, 
of entire blocks are required, as compared to 8 erasures, 53. 
This means that the number of erasure operations for writing 
8 sectors into 2 blocks, 52, with the invented method is only 
25% of the entire block erasure operations required with the 
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usual method. In the example of writing a file allocation table 
FAT with 30 sectors to 2 blocks, wherein 20 sectors out of the 
30 sectors to be written are occupied by unused data, i.e., are 
“empty. 58, with the usual method as in FIG. 4, erasure of 
entire blocks is required 30 times. On the other hand, in the 
embodiment of the invention shown in FIGS.5 to 7, erasure of 
an entire block is required only twice, because the 30 sectors 
are written into 2 different blocks. Beginning with the status 
of the flash memory as in the example of writing 30 sectors to 
2 blocks, wherein 20 sectors contain unused data, 58, if the 
FAT is to be expanded with 30 sectors, 16 of which contain 
unused data, i.e., are “empty. 59, again with the usual method 
as in FIG. 4, entire blocks must be erased 30 times. On the 
other hand, according to the invented method illustrated in 
FIG. 5, without inversion of the data to be written, erasure of 
entire blocks, 61, is necessary 2 times, which is 6.66% of the 
number of erasures with the usual method as in FIG. 4, 62. 
With the invented method as in FIGS. 6 and 7, in which the 
data to be written are inverted before programming into the 
flash memory, because there are only 4 sectors to be stored in 
the flash memory that contain payload data, with inversion of 
the data to be written, no erasure of existing blocks, 0, is 
necessary. 

0064 FIG. 8b shows an overview in table form of the 
number of operations to program data into the working 
memory 7 in the block 10 of the flash memory 9, 65, using the 
method as executed in FIGS. 4 to 7, 51. The programming 
operation here corresponds to step 14 in FIGS. 4a and 4b and 
to steps 22, 24, 26 in FIGS. 5a and 5b. The programming 
operations further correspond to step 32 in FIG. 6a and to 
steps 38, 41 in FIG. 7a. In the relevant example discussed in 
FIG. 8a of a 4-kb file, meaning 8 sectors, to be written to 2 
blocks, 52, assuming that 32 sectors can be written to one 
block as shown in FIG. 8a, the result is 256 programming 
operations, 66, for the usual method as in FIG. 4. Because the 
usual method requires that all 32 storage units must be erased 
for every sector, 8x32-256 programming operations are nec 
essary. In contrast, with the invented method as in FIGS. 5 to 
7, only 64 programming operations, 67. 69, are needed, since 
each of the 2 blocks to be written to must be programmed in 
its entirety once, i.e. 32 times. The result for the number of 
programming operations, as for the number of erasure opera 
tions, is a fourfold difference (25%) between the invented 
method as in FIGS. 5 to 7 and the usual method as in FIG. 4, 
70. In the case of writing a file allocation table FAT with 30 
sectors to 2 blocks, wherein 20 sectors out of the 30 sectors 
contain unused data, 71, the result with the usual method as in 
FIG. 4 is 960 programming operations (each of the 32 sectors 
has to be programmed 30 times). In contrast to the usual 
method, with the invented method as in FIG. 5 and without 
inverting the data to be written, only 64 programming opera 
tions are required (each of the 2 blocks to be written to must 
be programmed in its entirety, i.e. for each of its 32 sectors). 
With the invented method as in FIGS. 6 and 7, in which the 
data to be written are inverted before being stored in the block 
10, because data that contain the same values as erased stor 
age units are not programmed, in this case only 40 program 
ming operations (64-20-44) are required instead of the 64 
programming operations as in the method in FIG. 5. Begin 
ning now with the status of the flash memory having a written 
file allocation table with 30 sectors in 2 blocks, wherein 20 
sectors out of the 30 sectors contain unused data, if this file 
allocation table is to be expanded with 30 sectors, 16 of which 
contain unused data, 72, again with the usual method as in 
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FIG. 4,960 programming operations, 73, are needed. Using 
the invented method as in FIG. 5 and without inverting the 
data, 64 programming operations are necessary (74). 64 pro 
gramming operations compared to 960 programming opera 
tions as in the method in FIG. 4 corresponds to a ratio of 
6.66%, 75. An even greater reduction in programming opera 
tions results from comparing the usual method shown in FIG. 
4 with the invented method from FIGS. 6 and 7. Because 16 
sectors out of the 30 sectors to be written contain unused data 
and 20 sectors in the block10 exist as erased storage units, 16 
of which remain as erased storage units after the expansion of 
the file allocation table, only 4 of the erased storage units with 
data that differ from unused data must be programmed, 76. 
This corresponds to a ratio of 0.42% of required program 
ming operations compared to the usual method. 
0065. The features of the invention described with refer 
ence to the embodiments shown, Such as inversion of the data 
to be written, 31, in FIGS. 6a, 6b, 7a, and 7b or programming 
of only one part of a sector in a storage unit, 38 in FIG.7a, can 
also exist in other embodiments of the invention, as shown in 
FIG. 5a andor FIG. 5b, for example, except when stated 
otherwise or when impossible for technical reasons. 
0066. In summary, by means of the invented method and 
the computer program product for executing the invented 
method, even without a memory controller to manage the 
flash memory, information is available about the volume of 
data to be written to the flash memory. With the information 
on the Volume of data to be written, the storage units required 
to write the data can be reserved as erased units until the data 
are written, so that entire-block erasure operations can be 
eliminated. In addition, with the invented method, existing 
file systems FAT/FAT32 can have unused areas of the sectors 
to be written with the same value, which after inversion of the 
values of the unused areas corresponds to the value of erased 
unwritten storage cells in a block. Therefore, when writing 
sectors that contain unused data, there is no need to program 
these unused data to the flash memory after they are inverted. 
In this way, the number of required erasure and programming 
operations is reduced, which increases the speed of writing 
data to the flash memory as well as the lifespan of the flash 
memory. 
We claim: 

1-10. (canceled) 
11. A method for managing a flash memory, wherein the 

flash memory is included in a communication device that can 
be connected to a host, and wherein data to be stored are 
written for mass storage on the flash memory the method 
comprising, 
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dividing the flash memory into blocks, each block contain 
ing storage units, 

rewriting a storage unit if all storage units in the block of 
the storage unit to be written to are erased before the 
storage unit is written to: 

managing the flash memory to avoid erasure of and writing 
to at least Some of the storage unit; and 

writing to at least some of the erased and to be written 
storage units, whose data are different after rewriting 
compared to before rewriting, with data to be stored 
without re-erasing. 

12. The method of claim 11 further comprising, wherein 
the communication device is connected to the host via an 
interface calling information about a Volume of data to be 
transferred from the host to the flash memory through the 
communication device from the interface and managing the 
flash memory with information. 

13. The method of claim 12, comprising transferring the 
information about the data from the host to the flash memory 
by a mass storage protocol. 

14. The method of claim 13, wherein the mass storage 
protocol is a USB mass storage protocol. 

15. The method of claim 12, comprising providing by the 
interface information about a number of consecutive storage 
units to be writtento, in which the data to be transferred (SSN, 
SS1N, SA, BE, S1N, S1ML) are to be written. 

16. The method of claim 15, comprising providing, by the 
interface additional information about a number of Storage 
units following a first storage unit. 

17. The method of claim 12, comprising inverting data 
transferred from the host that are to be written to at least one 
storage unit of a block of the flash memory before the data is 
written to at least one storage unit. 

18. The method of claim 17, comprising, for multiple stor 
age units to be written to, in which the data to be transferred 
are to be written, inverting the data for all storage units. 

19. The method of claim 17, wherein unused bytes of data 
from the host that are to be written to the flash memory have 
the hexadecimal value 0x00 when placed in the interface, and 
have the hexadecimal value 0xFF of an erased byte in the flash 
memory after inversion, and, instead of writing the hexadeci 
mal value 0xFF into an erased storage unit, the erased storage 
unit is kept in its erased status without re-erasing. 

20. A computer-readable storage medium include an 
executable program that, when executed, carries out the 
method of claim 11. 

21. A communication device comprising the computer 
readable storage medium of claim 20. 
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